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METHOD, SYSTEM, AND APPARATUS FOR 
REDUCING TRANSITION CAPACITANCE 

BACKGROUND 

Typically, signals are transmitted from a source to the 
destination through signal traces and interconnections such as 
through-hole vias. Such interconnections, hoWever, can intro 
duce discontinuities in the transmission path, thus detrimen 
tally affecting signal ?delity. For instance, in certain sce 
narios, high frequency components of the signals may be 
re?ected multiple times, thus preventing the signals to get 
through to the receiver. Furthermore, it is Well established that 
through-hole signal vias have capacitance to the reference 
planes that the through-hole signal vias traverse. In particular, 
it has been recogniZed that the greater the number of reference 
planes a through-hole signal via passes through, the higher 
the capacitance betWeen the through-hole signal via and the 
ground layers Will be. Yet further, the greater the surface area 
of the ground layer de?ned in immediate proximity to the 
through-hole signal via, the higher the capacitance can be. 
Generally, several shortcomings are associated With discon 
tinuity capacitance (e.g., limiting signal trace speed, increas 
ing bit error rate, etc.). 

Currently, reducing capacitance betWeen the through-hole 
signal via and the ground layers is achieved by forming blind/ 
buried vias or back drilling. In the ?rst alternative, typically, 
blind vias are formed by drilling holes through only the nec 
essary reference planes. HoWever, implementing blind/bur 
ied vias has certain limitations. For instance, forming blind 
vias is a very costly process. 

Alternatively, back drilling can be used to loWer through 
hole via capacitance. Once the vias have been formed through 
all the layers of the PCB, portions of the vias not being used 
in the transmission paths are physically removed. Similar to 
blind vias, hoWever, several limitations can be associated With 
back drilling vias. Yield loss and increase in cost are tWo of 
such limitations. 

SUMMARY 

It should be appreciated that the present invention can be 
implemented in numerous Ways, such as a process, an appa 
ratus, a system, a device, or a method on a computer readable 
medium. Several inventive embodiments of the present inven 
tion are described beloW. 

In one embodiment, a printed circuit board (PCB) is pro 
vided. The PCB includes a signal layer, a ?rst reference plane 
de?ned adjacent to a ?rst side of the signal layer, and a via 
passing through the signal layer and the ?rst reference plane. 
The ?rst side of the signal layer is either above the signal layer 
or beloW the signal layer. The via is con?gured to accept an 
electrical signal to be routed on the signal layer. The inner 
area of the ?rst reference plane up to the via is capable of 
being eliminated. 

In another embodiment, a method for reducing transition 
capacitance in a PCB assembly is provided. The method 
provides a PCB that has a signal layer and a reference plane. 
The reference plane is de?ned on a ?rst side of the signal 
layer. A via is de?ned through the reference plane and the 
signal layer. An electrical signal is routed on the signal layer 
using the via. An inner area of the reference plane up to the via 
is eliminated. 

In yet another embodiment, another PCB is provided. The 
PCB includes an upper signal layer, a loWer signal layer, an 
upper reference plane that separates the upper signal layer and 
the loWer signal layer, a loWer reference plane, an innermost 
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2 
via, and an outermost via. The loWer reference plane is dis 
posed under the loWer signal layer. The innermost via is 
con?gured to accept an electrical signal from an innermost 
contact terminal to be routed on the upper signal layer. The 
outermost via is con?gured to accept an electrical signal from 
an outermost contact terminal to be routed on the loWer signal 
layer. At least an inner area of the upper reference plane up to 
the innermost via or an inner area of the loWer reference plane 
up to the outermost via is capable of being eliminated. 

In still another embodiment, another method for reducing 
transition capacitance in a PCB assembly is provided. The 
method includes providing a PCB having signal layers and 
reference planes. Each pair of adjacent signal layers is sepa 
rated by a reference plane. An innermost contact terminal of 
an integrated circuit component is routed on an uppermost 
signal layer de?ned in the PCB using an innermost via. The 
innermost contact terminal is the closest contact terminal to 
the innermost area of the integrated circuit component. An 
outermost contact terminal of the integrated circuit compo 
nent is routed on a loWermost signal layer de?ned in the PCB 
using an outermost via. The outermost contact terminal is the 
farthest aWay contact terminal from the innermost area of the 
integrated circuit component. A plurality of successive con 
tact terminals of the integrated circuit component that extend 
from the innermost contact terminal to the outermost contact 
terminal is routed on a corresponding signal layer of a plu 
rality of successive signal layers that extend from the upper 
most signal layer to the loWermost signal layer using a respec 
tive via of a plurality of vias extending from the innermost via 
to the outermost via. Each successive contact terminal is 
con?gured to be connected to a successively loWer signal 
layer using a successive via When proceeding from the inner 
most via to the outermost via. At least one inner area of a 
plurality of inner areas is eliminated. The plurality of inner 
areas includes the inner area of an upper reference plane up to 
the innermost via and inner areas of successively loWer ref 
erence planes up to a corresponding successive via When 
proceeding from the innermost via to the outermost via. 

According to yet another embodiment of the present inven 
tion, an electronic system is provided. The system includes a 
PCB and a chip component. The PCB includes an upper 
signal layer, a loWer signal layer, an upper reference plane 
separating the upper signal layer and the loWer signal layer, a 
loWer reference plane disposed under the loWer signal layer, 
an innermost via, and an outermost via. The chip component 
is mounted on the PCB and includes a plurality of successive 
contact terminals. The innermost via is con?gured to accept 
an electrical signal from an innermost contact terminal of the 
plurality of successive contact terminals to be routed on the 
upper signal layer. The outermost via is con?gured to accept 
an electrical signal from an outermost contact terminal of the 
plurality of successive contact terminals to be routed on the 
loWer signal layer. At least an inner area of the upper reference 
plane up to the innermost via or an inner area of the loWer 
reference plane up to the outermost via is eliminated. 

Other aspects of the invention Will become apparent from 
the folloWing detailed description, taken in conjunction With 
the accompanying draWings, illustrating by Way of example 
the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may best be understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings in Which: 
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FIG. 1 is a simpli?ed partial cross-sectional vieW of an 
exemplary printed circuit board (PCB) assembly, in accor 
dance With one embodiment of the present invention. 

FIG. 2A is a partial bottom vieW of the transmitting pack 
age depicted in FIG. 1, in accordance With another embodi 
ment of the present invention. 

FIG. 2B is a cross-sectional vieW of the PCB depicted in 
FIG. 1 corresponding to the cross-section A of the transmit 
ting package shoWn in FIG. 2A, in accordance With still 
another embodiment of the present invention. 

FIG. 2C is a cross-sectional vieW of the PCB depicted in 
FIG. 1 corresponding to the cross-section B of the transmit 
ting package shoWn in FIG. 2A, in accordance With yet 
another embodiment of the present invention. 

FIG. 3 depicts a bottom vieW of the PCB depicted in FIG. 
1, in accordance With yet another embodiment of the present 
invention. 

FIG. 4 depicts a partial isometric vieW of the PCB depicted 
in FIG. 1, in accordance With yet another embodiment of the 
present invention. 

FIG. 5 depicts a ?owchart diagram shoWing method opera 
tions performed to reduce transition discontinuity in an exem 
plary PCB assembly, in accordance With yet another embodi 
ment of the present invention. 

DETAILED DESCRIPTION 

In the folloWing description, numerous speci?c details are 
set forth in order to provide a thorough understanding of the 
present invention. It Will be apparent, hoWever, to one skilled 
in the art that the present invention may be practiced Without 
some or all of these speci?c details. In other instances, Well 
knoWn process operations have not been described in detail in 
order not to unnecessarily obscure the present invention. 
One of ordinary skill in the art must recogniZe and appre 

ciate that although speci?c reference may have been made to 
terminology de?ned by Sun Microsystems, Inc., it should be 
understood that any name could be used for such terms, so 
long as the desired functionality is achieved. 

The present invention reduces capacitance associated With 
transitions in signal transmission paths. In one embodiment, 
one or more inner areas of the reference planes not acting as 
return current paths for the respective immediately adjacent 
signal traces can be eliminated. In one aspect, by reducing the 
surface areas of the reference planes de?ned close to the 
signal vias, a clean transmission environment can be main 
tained. 

According to one implementation of the present invention, 
an innermost contact terminal de?ned closest to an innermost 
area (herein interchangeably also referred to as the center of 
the integrated circuit component) is routed on the uppermost 
signal layer in a printed circuit board (PCB) using an inner 
most via. In one example, While moving aWay from the inner 
most area of the integrated circuit component toWard an edge 
of the integrated circuit component, each contact terminal 
de?ned farther aWay from the innermost area of the integrated 
circuit component is routed on a successively loWer signal 
layer of the PCB using a successive via. Furthermore, an 
outermost contact terminal de?ned the farthest from the 
innermost area of the integrated circuit component (i.e., close 
to the edge of the integrated circuit component) is routed on 
the loWermost signal layer of the PCB using the outermost 
via. Thereafter, the inner area of at least one reference plane 
up to the respective via is eliminated, thus reducing transition 
capacitance. In one embodiment, the inner areas of the refer 
ence planes up to the respective vias can be eliminated. 
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4 
FIG. 1 is a simpli?ed cross-sectional vieW illustrating an 

exemplary PCB assembly 100, in accordance With one 
embodiment of the present invention. Data is being transmit 
ted from a transmitting package 106 to a receiving package 
116 through an exemplary PCB 102 using the signal path 
routing technique of the present invention, in accordance With 
one embodiment of the present invention. Dies 109 and 113 
have been mounted on the respective transmitting and receiv 
ing packages 106 and 116. The transmitting and receiving 
packages 106 and 116 are con?gured to protect the dies 109 
and 113, respectively, and provide external electrical connec 
tions to the PCB 102. In the illustrated embodiment, the 
transmitting and receiving packages 106 and 116 are pin grid 
array (PGA)-type packages and include signal pins 10811 to 
108d and 108a‘ to 108d‘, and 112a to 112d and 112a‘ to 112d‘, 
respectively. In one implementation, the transmitting and 
receiving packages 106 and 116 are identi?ed as four-signal 
roW deep packages, Which in one example, each includes four 
concentric roWs of signal pins surrounding a respective pack 
age center 105 and 115. For ease of reference, signal pins 
108a, 108a‘, 112a, and 11211‘ are herein referred to as inner 
most signal pins (i.e., signal pins de?ning the roWs closest to 
the package centers 105 and 115 (also referred to as the 
innermost area of the package)), signal pins 108b, 1081)‘, 
112b, and 11219‘ are herein referred to as second roW signal 
pins, signal pins 108c, 108c', 1120, and 1120' are herein 
referred to as third roW signal pins, and signal pins 108d, 
108d‘, 112d, and 112d‘ are herein de?ned as outermost signal 
pins (i.e., signal pins de?ning the roW farthest from the 
respective package center 105 and 115). 
A metalliZation pattern on the transmitting package 106 

connects die 109 to signal pins 108a-108d and 108a'-108d' of 
the transmitting package 106. In the same manner, a metalli 
Zation pattern on the receiving package 116 connects the die 
113 to the signal pins 112a-112d and 112a'-112d' of the 
receiving package 116. In the illustrated embodiment, the 
signal pins 10811 to 108d and 10811‘ to 108d‘, and 11211 to 112d 
and 11211‘ to 112d‘ are placed on the bottom surfaces of the 
transmitting and receiving packages 106 and 116, respec 
tively. Of course, one of ordinary skill in the art must appre 
ciate that in one aspect, the signal pins can be de?ned on the 
package in any suitable mechanics so long as the functionality 
of the signal pins can be achieved. In one embodiment, each 
of the transmitting and receiving packages 106 and 116 is 
mounted on the PCB 102 using PGA-type sockets 110 and 
118, respectively. Of course, the footprint on sockets 110 and 
118 are de?ned so as to match the footprint of signal pins 
108a to 108d and 108a‘ to 108d‘, and 112a to 112d and 112a‘ 
to 112d‘ de?ned in the corresponding transmitting and receiv 
ing packages 106 and 116. In one example, PGA-type sockets 
110 and 118 are mounted on the PCB 102 using solder balls. 
Of course, one must note that in a different embodiment, any 
appropriate mechanism can be implemented to secure the 
transmitting and receiving packages 106 and 116 on the PCB 
102. 
As illustrated, the PCB 102 interconnects the electronic 

components such as the transmitting and receiving packages 
106 and 116. The PCB 102 illustrated in FIG. 1 is shoWn to 
have nine (9) layers, With four (4) signal layers designated as 
SL1 through SL4, and ?ve (5) reference planes designated as 
RPO to RP4. Of course, one must appreciate and acknoWledge 
that the PCB 102 can include any appropriate number of 
layers so long as the functionality of the PCB 102 can be 
achieved. 
A plurality of through-hole vias 12011 to 120-d, 12011‘ to 

120d‘, and 12211 to 122d, and 12211‘ to 122d‘ has been formed 
through the nine layers of the PCB 102, extending from a top 
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surface 10211 of the PCB 102 doWn to a bottom surface 102!) 
of the PCB 102. To prevent shorting, antipads 124 have been 
de?ned in RPO-RP4 around each of the vias 12011 to 120-d, 
120a‘ to 120d‘, 122a to 122d, and 122a‘ to 122d‘. One of 
ordinary skill in the art can appreciate that the routing tech 
nique of the present invention can be applied to any vertical 
region of the PCB 102. For instance, in one example, the 
routing technique of the present invention can be applied to 
the vertical region de?ned betWeen RP1 and RP4. 

The RPO to RP4 and the SL1 to SL4 are shoWn to be 
interlaced, respectively. Speci?cally, RPO is de?ned above 
and close to the SL1, RP1 is de?ned beloW and close to the 
SL1, the RP2 is de?ned beloW and close to the SL2, the RP3 
is de?ned beloW and close to the SL3, and the RP4 is de?ned 
beloW and close to SL4. Of course, one of ordinary skill in the 
art must appreciate that a respective insulating layer (not 
shoWn in the Figure) is de?ned betWeen consecutive layers 
(e.g., betWeen RPO and SL1, SL1 and RP1, RP1 and SL2, SL2 
and RP2, etc.). Aside from the antipads 124, the RPO to RP4 
are sheets of conductor material, and as such, occupy planer 
regions of respective layers of the PCB 102. In one imple 
mentation, the planer region can be referred to the surface 
area of a reference plane de?ned beloW or above a signal 
trace. One of ordinary skill in the art can appreciate that the 
planes can be used for other purposes than signal return paths. 
In one example, the RPO to RP4 are con?gured to carry the 
return current, or to provide the return path for the signal 
traces. Of course, in one example, if desired, the RPO to RP4 
can occupy the entire respective layers of the PCB 102. 

Each of the signal traces (ST) ST1-a to ST4-d de?ned at the 
SL1 to SL4, correspondingly, is a part of the respective signal 
path de?ned betWeen the transmitting package 106 and the 
receiving package 116.According to one example, each of the 
STl-a to ST4-d, in conjunction With the respective RPO to 
RP4 forms the transmission line for each signal. Of course, 
one of ordinary skill in the art must appreciate that in one 
example, the ST1-a (i.e., a top signal trace) can form a trans 
mission line in conjunction With RPO and RP1. In another 
aspect, the ST1-a can form a transmission line in conjunction 
With either RPO or RP1. In yet another example, the ST4-d 
can form a transmission line in conjunction With RP3 and 
RP4. In still another embodiment, the ST4-d can form a 
transmission line With either the RP3 or the RP4. In sum, each 
upper signal trace can form a transmission line With the cor 
responding reference planes de?ned immediately above and 
beloW the upper signal trace. In the alternative, the upper 
signal trace can form a transmission line With either a corre 
sponding reference plane de?ned immediately beloW the sig 
nal trace or the corresponding reference plane de?ned imme 
diately above the signal trace. Similarly, in one aspect, each 
loWer signal trace can form a transmission line With respec 
tive reference planes de?ned immediately above and imme 
diately beloW the loWer signal trace. In another embodiment, 
each loWer signal trace can form a transmission line With a 
corresponding reference plane de?ned immediately above 
the loWer signal trace or the corresponding reference plane 
de?ned immediately beloW the loWer signal trace. 

In accordance With one implementation of the present 
invention, the innermost signal pins 108a, 108a‘, 112a‘, and 
11211 are routed on the uppermost SL1 using vias 120a, 120a‘, 
122a‘, and 12211, respectively. In the same manner, the outer 
most signal pins 108d, 108d‘, 112d‘, and 112d are routed on 
the loWermost SL4 using corresponding vias 120d, 120d‘, 
122d‘, and 122d. In one exemplary embodiment, the ?rst 
signal transmission path betWeen the transmitting package 
106 and receiving package 116 can be described as folloWs: a 
signal trace 107a de?ned Within the transmitting package 106 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
connects the die 109 to the transmitting package innermost 
signal pin 10811. The ?rst signal transmission path is thereaf 
ter extended from the innermost signal pin 10811 to the socket 
110, Which is then continued to the via 120a and thereafter to 
the signal trace STl-a de?ned at SL1 of the PCB 102. The ?rst 
signal transmission path then continues to the via 122a‘, the 
socket 118, and the innermost signal pin 11211‘ of the receiv 
ing package 116. Lastly, the ?rst signal transmission path 
continues from the innermost signal pin 11211‘ to the die 113 
through a signal trace 111a‘ de?ned Within the receiving 
package 116. 

In the illustrated embodiment, a second signal transmis 
sion path encompasses the folloWing components: from the 
die 109 to the trace 107b, the second roW signal pin 108b, the 
socket 110, the via 120b, the ST2-b, the via 12219‘, the socket 
118, the second roW signal pin 11219‘ of the receiving package 
116, the trace 11119‘, and ultimately the die 113 of the receiv 
ing package 116. In the same manner, third and fourth signal 
paths respectively start With the die 109 and continue to traces 
1070 and 107d, respectively. The third signal transmission 
path includes: the trace 1070, the third roW signal pin 1080, 
the socket 110, the via 1200, the ST3-c, the via 1220', the 
socket 118, the third roW signal pin 1120', a trace 1110', and 
?nally the die 113 of the receiving package 116. Lastly, the 
fourth signal transmission path involves: the trace 107d, the 
outermost signal pin 108d, the socket 110, the via 120d, the 
ST4-d, the via 122d‘, the socket 118, the outermost signal pin 
112d‘, a trace 111d‘, and ultimately the die 113 of the receiv 
ing package 116. In one example, the length of the signal 
traces 107a to 107d, 107a‘ to 107d‘, 111a to 111d, and 111a‘ 
to 111d‘ can be approximately one and half inch long. 

Following the same signal transmission routing technique, 
signal transmission paths are formed betWeen the transmit 
ting package 106 and another receiving package (not shoWn) 
starting from the die 109 to traces 10711‘ to 107d‘, correspond 
ing signal pins 10811‘ to 108d‘, the vias 12011‘ to 120d‘, and 
STl-xa to ST4-xd. Similarly, signal transmission paths are 
formed betWeen the receiving package 1 1 6 and another trans 
mitting package (not shoWn). STl-za to ST4-zd to corre 
sponding vias 12211 to 122d, signal pins 11211 to 112d, corre 
sponding traces 111a and ?nally to 111d, and thereafter to the 
die 113. 
As illustrated in the embodiment depicted in FIG. 1, the 

inner area of the RPO is remained in tact. HoWever, elimina 
tion of the inner areas of RP1 to RP4 can form a region A 
Within the PCB 102 beloW the interface of the transmitting 
package 106 and the PCB 102. Accordingly, in one example, 
the inner area of at least one RP up to the respective via can be 
eliminated so as to reduce transition capacitance by using the 
routing technique of the present invention. Of course, in one 
aspect, the inner areas of all the reference planes de?ned in the 
PCB 102 can be eliminated. One of ordinary skill in the art 
must recogniZe and appreciate that in another aspect, the 
inner area of the RPO may also be removed. For instance, the 
elimination pattern for the inner area of the RPO can be similar 
to the elimination pattern of the RP1. 
The regionA has the largest surface area at the loWermost 

reference plane of the PCB 102 (i.e., the loWermost reference 
plane of the vertical region of interest, speci?cally, the RP4. 
Furthermore, the region A has the smallest surface area at the 
RP1 (the uppermost reference plane of the vertical region of 
interest). In fact, in one embodiment, the surface area of the 
inner area of the RP4 can be as large as the surface area of the 
transmitting package 106. In the same manner, elimination of 
the inner areas of the RP1 to RP4 can create a region B Within 
the PCB 102 beloW the interface of the receiving package 116 
and the PCB 102. As such, the region B illustrates absence of 
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the inner areas of the RP1 to RP4. The region B is illustrated 
to have the largest surface area at the RP4 of the PCB 102 (i.e., 
the lowermost reference plane of the vertical region of inter 
est). Furthermore, the surface area of the region B at the RP1 
(i.e., the uppermost reference plane of the vertical region of 
interest) is shoWn to be the smallest. Similar to the region A, 
in one aspect, the surface area of the inner area at the RP4 can 
be as large as the surface area of the receiving package 116. 
Of course, one of ordinary skill in the art must acknoWl 

edge and appreciate that according to one embodiment, signal 
pins from any given roW of the package can be routed on any 
particular signal layer (e.g., the upper most signal layer of the 
vertical region of interest, etc.), so long as the next roW signal 
pins de?ned farther aWay from the center of the packages 105 
and 115 are routed on the same signal layer or the next signal 
layer de?ned farther doWn Within the PCB 102. Furthermore, 
one of ordinary skill in the art must appreciate that signals 
from the signal pins in multiple roWs maybe routed on a single 
signal layer so long as the routing is performed in accordance 
With the routing scheme of the present invention. Additional 
information regarding the routing scheme of the present 
invention is provided beloW With respect to FIGS. 2A-4. 

Additionally, one of ordinary skill in the art must appreci 
ate that the PCB 102 can be constructed from any suitable 
material so long as the functionality of the PCB 102 can be 
achieved (e.g., ?ame retardant-4 (FR-4), Duroid, Alumina, 
etc.). Furthermore, although in one embodiment of the 
present invention PCBs are used, in a different embodiment, 
any structure capable of providing the functionalities of the 
PCB can be implemented (e.g., ?ex circuit, multichip mod 
ule, etc.). Still further, one of ordinary skill in the art must 
appreciate that although in the embodiment depicted in FIG. 
1 the PCB 102 has nine layers, in a different embodiment, the 
PCB 102 can have any suitable number of layers so long as the 
functions of the PCB canbe achieved. By Way of example, the 
PCB 102 maybe constructed Without the RPO and/ or RP4. 

Yet further, While in the illustrated embodiment the partial 
cross-section of the PCB includes 16 through-hole vias, one 
must note that the PCB can include any suitable number of 
through-hole vias. Still further, although in one example of 
the present invention vias are through-hole vias, in a different 
embodiment, the vias can be any type of non-through hole 
vias (e.g., blind vias, etc.). Additionally, although in the illus 
trated embodiment only the routing technique of the present 
invention has been implemented to reduce transition capaci 
tance, in a different embodiment, one or more techniques 
implemented to reduce transition capacitance can be used in 
conjunction With the routing technique of the present inven 
tion so as to improve the reduction of the transition capaci 
tance resulting by each of the one or more techniques. 

Moreover, one of ordinary skill in the art must recogniZe 
that the vertical region of interest in the PCB can include only 
selected layers of the PCB. As such, according to one aspect, 
the top layer of the PCB can extend above the upper layer of 
the vertical region and the bottom surface of the PCB can 
extend beloW the loWer layer of the vertical region (e.g., in a 
PCB having 20 layers, the routing technique of the present 
invention can be applied only to layers four (4) to 18 of the 
PCB de?ned in the vertical region of interest). In another 
embodiment, the vertical region of the PCB maybe de?ned so 
as to include all the layers of the PCB. 

Still further, although in one example, the routing tech 
nique of the present invention has been applied such that the 
inner areas of all the reference planes have been eliminated, in 
a different embodiment, the routing technique of the present 
invention can be applied to eliminate an inner area of at least 
one reference plane. Additionally, even though in one imple 
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mentation the routing technique of the present invention has 
been applied to planer regions of the PCB 102 de?ned beloW 
both, transmitting package 106 and receiving package 116, in 
a different implementation, the routing technique of the 
present invention can be applied to the planer region of at least 
one integrated circuit component. 

Moreover, one of ordinary skill in the art must appreciate 
that although in one embodiment of the present invention 
transmitting and receiving packages are used as external 
structures, in a different embodiment, any suitable compo 
nent capable of acting as a container, die protector, or external 
electrical connector can be implemented (e.g., meZZanine 
connector, card edge connector, socket, chip scale package, 
etc.). Furthermore, one of ordinary skill in the art must appre 
ciate that the transmitting package 1 06 and receiving package 
116 can act as any suitable component. For example, in one 
embodiment, the transmitting package 106 can function as a 
central processing unit (CPU) While the receiving package 
116 acts as a memory controller, the receiving package can 
act as the CPU While the receiving package acts as the periph 
eral component interconnect (PCI) Bridge, the transmitting 
package 106 can be a multicore CPU transmitting signals to 
yet another multicore CPU acting as the receiving package, 
application speci?c independent circuits as transmitting and/ 
or receiving packages, etc. 

Still further, one of ordinary skill in the art must recogniZe 
and appreciate that although in the exemplary embodiment 
the transmitting and receiving packages 106 and 116 have 
been secured to the PCB 102 using sockets 110 and 118, 
respectively, in a different embodiment, the packages 106 and 
116 can be secured to the PCB 102 using any appropriate 
component so long as the function of securing the packages to 
the PCB can be achieved (e.g., a soldered interconnect, signal 
pins, etc.).Yet further, the sockets canbe mounted on the PCB 
using any suitable mounting mechanism (e.g., solder balls, 
pressure contacts, etc.). Still further, although in the exem 
plary embodiment of the present invention the transmitting 
and receiving packages 106 and 116 are PGA packages, in a 
different embodiment, the packages can be any type of pack 
age suitable for mounting on the top surface of the PCB or the 
bottom surface of the PCB (e.g., ball grid arrays (BGA) (e.g., 
tape and/or tab BGA, ceramic column grid array (CCGA), 
etc.), chip scaled packages (CSP), land grid array (LGA), 
signal pin grid array (PGA), etc.). 

It must be noted that FIG. 1 depicts the cross section of the 
PCB assembly corresponding to the ?fth roW signal pins of 
the transmittal and receiving packages and the respective ?fth 
roW signal traces for SL1 to SL4, as Well as the corresponding 
?fth roW signal vias for SL1 to SL4. HoWever, for ease of 
reference and understanding, the embodiment in FIG. 1 has 
been described Without any reference to the speci?c location 
of the cross section With respect to the transmitting and 
receiving packages as Well as the PCB. Nonetheless, addi 
tional details and speci?cs regarding the routing technique of 
the present invention With reference to the locations of the 
signal pins, signal traces, signal vias, etc. are provided in 
FIGS. 2A-4. 

Proceeding to FIG. 2A, a partial bottom vieW of the trans 
mitting package 106 is depicted, in accordance With one 
embodiment of the present invention. The transmitting pack 
age 106 is shoWn to have four signal roWs R1 to R4, each 
including ten (10) signal pins 108a1-108a10, 108b1-108b10, 
108c1-108c10, and 108d1-108d10, correspondingly. FIG. 2B 
is a cross-sectional vieW of the PCB 102 corresponding to the 
cross-section “A” of the transmitting package 106 shoWn in 
FIG. 2A, according to one implementation of the present 
invention. As can be seen, the signal from the innermost 
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signal pin 108115 is routed on the ST1-115 using the corre 
sponding Via 120115. An inner area V1 of the RP1 de?ned 
before the Via 120115 has been eliminated as the inner area V1 
does not act as a current return path for the ST1-115. In the 
same manner, the signal from the second roW signal pin 
108115 is routed on the signal trace ST2-b5 using the corre 
sponding Via 120b5. An inner area V2 of the RP2 de?ned 
before the Via 120b5 has been eliminated as the inner area V2 
does not act as a current return path for the ST2-b5. In the 
same manner, the signal from the signal pin 10805 is routed 
on the ST3-c5 using the corresponding Via 12005. An inner 
area V3 of the RP3 de?ned before the Via 12005 has been 
eliminated as the inner area V3 does not act as a current return 

path for the ST3-c5. Lastly, the signal from the signal pin 
108115 is routed on the ST4-d5 using the corresponding Via 
120115. An inner area V4 of the RP4 de?ned before the Via 
120115 has been eliminated as the inner area V4 does not act as 
a current return path for the ST4-d5. ComparatiVely, in the 
illustrated embodiment, the inner area of the RPO has been 
left intact, eVen though the inner area of the RPO does not act 
as the current return path for the ST1-115. As can be seen, the 
surface area of the inner area V4 of the RP4 de?ned immedi 
ately adjacent to the SL4 is greater than the surface areas of 
the inner areas V1, V2, and V3. Furthermore, the surface area 
of the inner area V1 of the RP1 de?ned immediately adjacent 
to the SL1 is smaller than the surface areas of the inner areas 
V2, V3, and V4. 
One of ordinary skill in the art must appreciate that in one 

embodiment, the present inVention can loWer capacitance 
Without substantially adding any extra processing stages and/ 
or manufacturing parts. For instance, in accordance With one 
embodiment of the present inVention, the mask is fabricated 
for each layer of the PCB Without the inner areas of the 
reference planes. 

Reference is made to FIG. 2C depicting a simpli?ed cross 
sectional VieW of the PCB 102 corresponding to the cross 
section “B” of the transmitting package 106 shoWn in FIG. 
2A, according to one embodiment of the present inVention. 
Signal traces de?ned at the SL1 and SL2 can be seen due to 
the cross-section B being de?ned on the second roW signal 
pins 108191 to 1081910. That is, in accordance With one 
embodiment of the present inVention, signals from the inner 
most signal pins 108111 to 10811-10 are routed on the SL1 
through signal traces ST1-111 to ST1-1110. Furthermore, the 
signals fromthe second roW signal pins 108191 to 1081110 haVe 
been routed on the second roW SL2 through signal traces 
ST2-b1 to ST2-b10. Antipads 124 de?ned in RPO to RP2 
around the Vias 120191 to 1201110 can be seen. HoWeVer, in 
accordance With one embodiment of the present inVention, 
the signal traces routed on the SL3 from the third roW signal 
pins and the signal traces routed on the SL4 from the outer 
most signal pins 108111 to 1081110 cannot be seen at the 
cross-section B. 

Continuing to FIG. 3, a partial bottom VieW of the PCB 102 
shoWn in FIG. 1 is depicted, in accordance With one embodi 
ment of the present inVention. Four roWs of signal Vias each 
including 10 signal Vias, are illustrated. Particularly, signal 
Vias 120111 to 1201110, 12011'1 to 12011'10, 120111 to 1201110, 
120b'1 to 120b'10, 12001 to 120010, 120c'1 to 120c'10, 120111 
to 1201110, 12011'1 to 120d'10 haVe been depicted. All signal 
traces routed on the innermost signal Vias are shoWn to be 
longer than the signal traces routed to the second roW Vias. In 
turn, the signals routed to the second roW Vias are longer than 
the signal traces routed to the third roW Vias, Which in turn are 
longer than the signal traces routed to the outermost signal 
Vias. As can be seen, ST1-a‘ is longer than ST2-b'1, ST3-c'1, 
and ST4-d' 1. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

1 0 
Reference is made to FIG. 4 illustrating a partial isometric 

VieW of the PCB 102 depicted in FIG. 1, in accordance With 
one embodiment of the present inVention. As depicted, the 
signal trace ST1-115 de?ned at the SL1 has a length that is 
greater than the length of the signal traces ST2-b5, ST3-c5, 
and ST4-d5. As shoWn, the signal trace ST4-d5 de?ned at the 
SL4 has the shortest length. As a result, the surface area of the 
inner area V1 of the RP1 (the part of the RP1 not acting as a 
return current path for the ST1 -115) is less than the surface area 
of the inner area V2 of the RP2 (the part of the RP2 not acting 
as a return current path for the ST1-b5), surface area of the 
inner area V3 of RP3 (the part of the RP3 not acting as a return 
current path for the ST3-c5), and the surface area of the inner 
area V4 of the RP4 (the part of the RP4 not acting as a return 
current path for the ST4-d5). As illustrated, the region A is 
shoWn to haVe a greater surface area at the loWermost refer 
ence plane RP4 and the smallest surface area at the uppermost 
reference plane RP1. Of course, one of ordinary skill in the art 
must appreciate that in one example, the insulating material 
separating the layers as Well as the Vias 12011 to 1201! have 
remained substantially intact. 

Reference is made to a ?owchart diagram 500 illustrated in 
FIG. 5 depicting method operations performed to reduce tran 
sition capacitance (e.g., Via discontinuity), in accordance 
With one embodiment of the present inVention. The method 
begins in operation 502 in Which the innermost signal pin on 
a package is identi?ed folloWed by operation 504 Wherein the 
uppermost signal layers of a PCB is identi?ed. The uppermost 
reference plane is identi?ed in operation 506. The innermost 
signal pin is routed on the uppermost signal layer using an 
innermost Via in operation 508 and the inner area of the 
uppermost reference plane up to the innermost Via is elimi 
nated in operation 51 0. Additional information With respect to 
routing signals from the packages mounted on the PCB to the 
signal layer is proVided With respect to FIGS. 1-4. 

In operation 512, a decision is made as to Whether another 
signal pin is de?ned on the package. If another signal pin is 
de?ned on the package, the method continues to operation 
514 Wherein a determination is made as to Whether the iden 
ti?ed signal pin is the outermost signal pin on the package. If 
the signal pin is not the outermost signal pin, the method 
continues to operation 516 in Which the signal for the signal 
pin is routed on the successiVely loWer signal layer using the 
corresponding Via (i.e., the successiVe Via extending from the 
innermost Via to the outermost Via). The inner area of the 
successiVely loWer reference plane corresponding to the suc 
cessiVely loWer signal layer is eliminated up to the corre 
sponding Via in operation 518. Thereafter, the method con 
tinues to operation 512. 

If in operation 514 a determination is made that the signal 
pin is the outermost signal pin on the package, the signal for 
the outermost signal pin is routed on the loWermost signal 
layer in the PCB using the outermost Via in operation 520. The 
inner area of the loWermost reference plane up to the outer 
most Via is eliminated in operation 522 and the method return 
to operation 512. Of course, one must note that the uppermost 
signal layer and the loWermost signal layer can refer to the 
uppermost signal layer and the loWermost signal layer of the 
Vertical region of interest. 

Embodiments of the present inVention may be imple 
mented in Various computer system con?gurations including 
hand-held deVices, microprocessor systems, microprocessor 
based or programmable consumer electronics, minicomput 
ers, mainframe computers and the like. The inVention can also 
be used in distributed computing enVironments Where tasks 
are performed by remote processing deVices that are linked 
through a Wire-based or Wireless netWork. 
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Any of the operations described herein that form part of the 
invention are useful machine operations. The invention also 
relates to a device or an apparatus for performing these opera 
tions. The apparatus may be specially constructed for the 
required purposes, or it may be a general-purpose computer 
selectively activated or con?gured by a computer program 
stored in the computer. In particular, various general-purpose 
machines may be used With computer programs Written in 
accordance With the teachings herein, or it may be more 
convenient to construct a more specialiZed apparatus to per 
form the required operations. 

Embodiments of the present invention can be processed on 
a single computer, or using multiple computers or computer 
components Which are interconnected. A computer, as used 
herein, shall include a standalone computer system having its 
oWn processor, its oWn memory, and its oWn storage, or a 
distributed computing system, Which provides computer 
resources to a networked terminal. In some distributed com 

puting systems, users of a computer system may actually be 
accessing component parts that are shared among a number of 
users. The users can therefore access a virtual computer over 

a netWork, Which Will appear to the user as a single computer 
customiZed and dedicated for a single user. 

Although the foregoing invention has been described in 
some detail for purposes of clarity of understanding, it Will be 
apparent that certain changes and modi?cations can be prac 
ticed Within the scope of the appended claims. Accordingly, 
the present embodiments are to be considered as illustrative 
and not restrictive, and the invention is not to be limited to the 
details given herein, but may be modi?ed Within the scope 
and equivalents of the appended claims. 
What is claimed is: 
1. A printed circuit board (PCB) onto Which an integrated 

circuit package containing an integrated circuit is mounted, 
comprising: 

a signal layer; 
a ?rst reference plane de?ned adjacent to a ?rst side of the 

signal layer, the ?rst side of the signal layer being one of 
above the signal layer and beloW the signal layer; and 

a via passing through the signal layer and the ?rst reference 
plane, the via in electrical communication With the sig 
nal layer, 

Wherein an inner area of the ?rst reference plane up to the 
via is eliminated, and Wherein a portion of the ?rst 
reference plane is disposed beloW the integrated circuit. 

2. The PCB as recited in claim 1, further comprising: 
a second reference plane de?ned adjacent to a second side 

of the signal layer, the second side of the signal layer 
being opposite the ?rst side of the signal layer, Wherein 
the via passes through the second reference plane, and 
further Wherein an inner area of the second reference 
plane up to the via is eliminated. 

3. A printed circuit board (PCB) onto Which an integrated 
circuit package containing an integrated circuit is mounted, 
comprising: 

an upper signal layer; 
a loWer signal layer; 
an upper reference plane separating the upper signal layer 

and the loWer signal layer; 
a loWer reference plane disposed under the loWer signal 

layer; 
an innermost via con?gured to accept an electrical signal 

from an innermost contact terminal to be routed on the 
upper signal layer; and 

an outermost via con?gured to accept an electrical signal 
from an outermost contact terminal to be routed on the 
loWer signal layer, 
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12 
Wherein at least one of an inner area of the upper reference 

plane up to the innermost via and an inner area of the 
loWer reference plane up to the outermost via are elimi 
nated, and Wherein a portion of the upper reference plane 
and the loWer reference plane are disposed beloW the 
integrated circuit. 

4. The PCB as recited in claim 3, Wherein a surface area of 
the inner area of the upper reference plane is less than a 
surface area of the inner area of the loWer reference plane. 

5. The PCB as recited in claim 3, further comprising: 
a plurality of signal layers de?ned betWeen the upper signal 

layer and the loWer signal layer; 
a plurality of reference planes de?ned betWeen the upper 

reference plane and the loWer reference plane, Wherein 
each reference plane of the plurality of reference planes 
is disposed under a corresponding signal layer of the 
plurality of signal layers When proceeding from the 
upper reference plane to the loWer signal layer; and 

a plurality of successive vias extending from the innermost 
via to the outermost via, each via of the plurality of 
successive vias is in electrical communication With a 
corresponding contact terminal of a plurality of succes 
sive contact terminals When proceeding from the inner 
most contact terminal to the outermost contact terminal, 
Wherein each via of the plurality of successive vias is in 
electrical communication With a successively loWer sig 
nal layer When proceeding from the innermost via to the 
outermost via, and further Wherein an inner area of one 
or more successively loWer reference planes up to a 
corresponding successive via is eliminated When pro 
ceeding from the innermost via to the outermost via. 

6. The PCB as recited in claim 5, Wherein a surface area of 
the inner area of each successively loWer reference plane is 
less than a surface area of the inner area of a next successively 
loWer reference plane. 

7. The PCB as recited in claim 5, Wherein the innermost 
contact terminal, the successive contact terminals, and the 
outermost contact terminal are included in an integrated cir 
cuit component mounted on the PCB. 

8. The PCB as recited in claim 7, Wherein the integrated 
circuit component includes one of a memory chip, a processor 
chip, an I/O chip, an application speci?c integrated circuit, a 
logic chip, and a ?eld programmable gate array. 

9. The PCB as recited in claim 6, Wherein a surface area of 
the inner area of the loWer reference plane can be substan 
tially equivalent to a surface area of the integrated circuit 
component. 

10. The PCB as recited in claim 5, Wherein eliminating at 
least one inner area of the inner area of the upper reference 
plane, the inner area of the loWer reference plane, and the 
inner areas of successively loWer reference plane substan 
tially reduces transition capacitance in the PCB. 

11. The PCB as recited in claim 3, the PCB further com 
prising: 

a top reference plane disposed above the upper signal layer, 
Wherein an inner area of the top reference plane up to the 
innermost via is eliminated. 

12. An electronic system, the system comprising: 
a printed circuit board (PCB) onto Which an integrated 

circuit package containing an integrated circuit is 
mounted, the PCB including, 
an upper signal layer; 
a loWer signal layer; 

an upper reference plane separating the upper signal layer 
and the loWer signal layer; 

a loWer reference plane disposed under the loWer signal 
layer; 
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an innermost via; and 

an outermost via; and 

a chip component mounted on the PCB, the chip compo 
nent including a plurality of successive contact termi 
nals, the innermost via is in electrical communication 
With an innermost contact terminal of the plurality of 
successive contact terminals to be routed on the upper 
signal layer and the outermost via is in electrical com 
munication With an outermost contact terminal of the 
plurality of successive contact terminals to be routed on 
the loWer signal layer, 

Wherein at least one of an inner area of the upper reference 
plane up to the innermost via and an inner area of the 
loWer reference plane up to the outermost via are elimi 
nated, and Wherein a portion of the upper reference plane 
and the loWer reference plane are disposed beloW the 
integrated circuit. 

13. The electronic system as recited in claim 12, Wherein a 
surface area of the inner area of the upper reference plane is 
less than a surface area of the inner area of the loWer reference 
plane. 

14. The electronic system as recited in claim 12, Wherein 
the PCB further includes, 

a plurality of signal layers de?ned betWeen the upper signal 
layer and the loWer signal layer; 
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a plurality of reference planes de?ned betWeen the upper 

reference plane and the loWer reference plane, Wherein 
each reference plane of the plurality of reference planes 
is disposed under a corresponding signal layer of the 
plurality of signal layers When proceeding from the 
upper reference plane to the loWer reference plane; and 

a plurality of successive vias, each via of the plurality of 
successive vias is in electrical communication With a 
corresponding contact terminal of a plurality of succes 
sive contact terminals, Wherein each via of the plurality 
of successive vias routes a corresponding electrical sig 
nal on a successively loWer signal layer When proceed 
ing from the innermost via to the outermost via, 

Wherein at least an inner area of inner areas of the succes 
sively loWer reference planes up to a corresponding suc 
cessive via is eliminated When proceeding from the 
innermost via to the outermost via. 

15. The electronic system as recited in claim 14, Wherein a 
surface area of the inner area of each successively loWer 
reference plane is less than a surface area of the inner area of 
a next successively loWer reference plane. 

16. The electronic system as recited in claim 12, Wherein 
the chip component includes one of a memory chip, a proces 
sor chip, an I/O chip, an application speci?c integrated cir 
cuit, a logic chip, and a ?eld programmable gate array. 

* * * * * 


